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Radiation Resistance of Gadolinium Zirconate Pyrochlore
The pyrochlore structure-type is a proposed host phase for the immobilization of
plutonium. Previous studies have shown that a wide variety of actinide
pyrochlores can be synthesized/ Gadolinium zirconate with the pyrochlore
structure has been shown to be remarkably radiation resistant. We report addi-
tional results of ion-beam irradiation studies.
Samples of Gd2Zr2O7 and three variations from the ideal composition
(Gd2Zr18Mg02O68/ Gdj 9Sr0 ̂ Zr^Mgo -A.85/ and Gd2 9Sr0 jZ^ 8Mg02O675) were pre-
pared by solution combustion synthesis. All samples were confirmed to have the
pyrochlore structure by electron diffraction. Irradiation experiments with
1.5 MeV Xe+ and 1 MeV Kr+ were performed using the HVEM-Tandem Facility at
the Argonne National Laboratory.
All samples, irradiated to a dose of 8.9 x 1015 ions/cm2 (or 16 dpa, assuming
Ed = 50 eV) with 1.5 MeV Xe+ at room temperature, showed no evidence of
amorphization. A similar irradiation series with 1.5 MeV Xe+ on the four samples
was repeated at a temperature of 20 K, and no amorphization was observed after
a dose of 5 dpa. Clearly, compositions in this regime will be extremely stable and
resistant to amorphization under repository conditions, even after reaching high
radiation doses. All the samples experienced an irradiation-induced pyrochlore-
to-fluorite structural transformation, shown by HREM and SAED (Fig. 1).
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Diffuse maxima (Fig. 2) were observed in the electron diffraction patterns of all
samples. The Fourier transformation (Fig. 3B) of the HREM image (Fig. 3A)
showed similar diffuse patterns, as in the real electron diffraction patterns
(Fig. 3D). Inverse Fourier transformation (Fig. 3C) of Fig. 3B using only the Bragg
diffraction maxima and the diffuse maxima revealed nano-sized domains bor-
dered by Moire fringes, which are the source of the diffuse maxima in the diffrac-
tion patterns. The Moire fringes can be attributed to overlap of nano-domains.
Because of the strong tendency for simultaneous recovery, rather than
amorphization, in the Gd2Zr2O7 and the heterogeneous nature of the damage by
heavy ions, slightly rotated nano-domains with the fluorite structure form during
irradiation.
Pu F u t u r e s — The S c i e n c e
The pyrochlore-fluorite structure can incorporate a wide variety of different
elements. Zirconate pyrochlore also has a superior chemical stability when in
contact with water. The rare earths, particularly Gd, in zirconates are effective
neutron absorbers. The combination of all of these properties with its remarkable
radiation resistance makes Gd2Zr2O7-based material an exceptionally promising
host for the immobilization of plutonium.
Acknowledgments
This work was supported by the Office of Basic Energy Sciences,
U.S. Department of Energy (DE-FG02-97ER45656).
Materials Science/Nuclear Fuels 17 Presentations
